















of	 a	 proposed	 combined	 polymer	 composite	 which	 consist	 of	 a	 polyester	
matrix	 and	 coconut	 fibers	 are	 determined.	 The	 influence	 of	 fibers	 volume	
fraction	 (%)	 is	 also	 evaluated	 and	 composites	 with	 volumetric	 amounts	




















countries.	 Natural	 fibers	 can	 be	 easily	 obtained	 in	 many	 tropical	 and	
available	 throughout	 the	 world.	 Today,	 these	 fibers	 are	 assessed	 as	
environmentally	 correct	 materials	 owing	 to	 their	 biodegradability	 and	
renewable	characteristics.	For	example,	natural	fibers	like	sisal,	jute,	coir,	oil	
palm	fiber	have	all	been	proved	 to	be	good	reinforcement	 in	 thermoset	and	
thermoplastic	matrices	(Geethamma	et	al.	1998;	Joseph	et	al.	1996;	Sreekala	
et	 al.	 1997;	 Varma	 et	 al.	 1989).	 Nowadays,	 the	 increasing	 interest	 in	
automotive,	 cosmetic	 and	 plastic	 lumber	 application	 has	 heightened	 the	
need	of	natural	fibers	reinforced	composites	 in	 these	regimes	as	 it	offers	an	




	 In	 searching	 for	 such	 new	material,	 a	 study	 has	 been	made	where	






coir	 fiber	 reinforced	 composites	 is	 vital	 because	 having	 a	 suitable	 stiffness	
and	 damping	 coefficients	 of	 composites	 can	 be	 applied	 to	 the	 certain	
applications	which	 satisfy	 the	 needs	 of	 their	 characteristics	 such	 as	 strong,	
rigid,	light	weight,	environmental	friendly	and	so	forth	(Shaikh	et	al.	2003).	
The	example	of	application	of	coir	fiber	reinforced	composites	is	in	industrial	
automotive	where	 it	used	 to	make	seat	cushions	 for	Mercedes	automobiles.	
Even	 though	 it	 has	 advantageous	 properties,	 the	 coir	 fiber	 composites	 still	
have	 some	 undesirable	 properties	 such	 as	 dimensional	 instability,	











composites	 reinforced	 with	 short	 fibers.	 This	 paper	 addresses	 the	
characterization	 and	 performance	 of	 natural	 fiber	 reinforced	 composite	 by	
analyzing	 the	 effect	 of	 fiber	 volume	 (%)	 on	 the	 composite	 mechanical	
properties	and	its	dynamic	characteristics.	The	composites	were	obtained	by	
compounding	polyester	matrix	 and	 coir	fibers	 in	 a	 batch	mixer	 to	 obtain	 a	




2 RELATED WORKS 
The	 history	 of	 natural	 fiber	 reinforced	 composite	 began	 in	 the	 last	 20	
years	when	 there	 has	 been	 tremendous	 interest	 in	 the	 use	 of	 natural	 fibers	
for	 the	manufacture	 of	 polymer	 bonded	 composites.	They	 are	 environment	
friendly	materials	and	have	proved	to	be	a	competitor	for	glass	fiber/polyester	
in	 terms	 of	 strength	 performance	 and	 cost.	 Combination	 of	 natural	 fiber	







distribution	 and	 fiber	 orientation	 distribution	 play	 very	 important	 role	 in	
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determining	 the	 mechanical	 properties.	 Sapuan	 et	 al.	 (2003)	 who	 believed	
that	mechanical	properties	of	the	natural	fiber	composites	depend	on	several	
factors	such	as	the	stress–strain	behaviors	of	fiber	and	matrix	phases,	the	phase	
volume	 fractions	 and	 the	 distribution	 and	 orientation	 of	 the	 fiber	 or	 fillers	
relative	 to	 one	 another.	 He	 also	 found	 that	 the	 natural	 fiber	 composites	
demonstrate	somewhat	linear	behavior	and	sharp	fracture.
	 According	 to	 Shaikh	 et	 al.	 (2003)	 they	 indicated	 that	 the	 volume	









increases	 from	0%	to	21%	and	 then	 rises	again	 to	 reach	3.1	 for	Vf	=	44%.	
However,	the	effect	on	dynamic	characteristics	of	the	composite	was	still	not	
known.	 Therefore	 this	 problem	 has	 been	 considered	 in	 the	 study	 since	
dynamic	 behavior	 of	 composite	 structures	 is	 very	 important.	Huang	 (2001)	
had	 carried	 out	 a	micromechanical	 approach	 for	 investigating	 the	 dynamic	
response	of	laminated	composite	plates	composed	of	randomly	oriented	fibers.	
Bledzki	 and	 Zhang	 (2001)	 also	 had	 investigated	 the	 dynamic	 mechanical	
behaviour	of	jute	fibers	reinforced	epoxy	foams.
	 For	 measuring	 the	 damping	 values,	 Gade	 and	 Herlufsen	 (1990)	
had	 compared	between	 the	Digital	Filter	 (DF)	 techniques	 and	 the	Discrete/
Fast	 Fourier	 Transform	 (DFT/FFT)	 techniques	 by	 using	 vibration	 decay	
measurements	 or	 bandwidth	 determination	 of	 measured	 modal	 resonances.	
In	the	DF	technique,	 the	damping	was	estimated	from	the	decay	of	the	free	
vibration	 response	 due	 to	 an	 impact	 excitation.	 The	 advantage	 of	 this	
technique	is	very	fast	and	does	not	have	limitations	in	dealing	with	very	light	
damped	 systems.	 But,	 due	 to	 the	 poor	 resolution	 of	 DF	 analyzer,	 it	 is	 not	
well	suited	for	bandwidth	determination	of	measured	modal	resonances.	For	
the	 FFT	 techniques	 the	 damping	was	measured	 using	 free	 vibration	 decay,	





dynamic	mechanical	 test	 method	was	 employed	 to	 determine	 the	 structure	
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relevant	 stiffness	 and	 damping	 characteristics	 for	 various	 applications	 in	
engineering.	 For	 the	 composite	 structure,	 the	 damping	 property	 can	 be	
obtained	from	the	natural	damping	of	its	element	(Pothana	et	al.	2003).	This	
can	be	represented	from	the	formula:






	 In	 the	first	 part	 of	 this	work,	 the	mechanical	 properties	 of	 coconut	
fibers	 used	 to	 reinforce	 the	 studied	 composite	material	were	 presented.	An	
experimental	 investigation	was	carried	out	 to	study	 the	effect	of	coir	fibers	
volume	fraction	(%)	on	strength	of	composite	and	the	results	were	discussed	
in	 this	 paper.	 In	 the	 second	 part,	 the	 dynamic	 test	 was	 then	 performed	 to	
describe	 the	 effect	 of	 fibers	 content	 and	 the	 relationship	 with	 mechanical	
properties	on	the	dynamic	characteristics	of	the	composites	material.
3 EXPERIMENTAL
Basically	 there	 are	 three	main	 stages	 that	 were	 carried	 out	 to	 achieve	 the	



























can	 prolong	 their	 span	 life.	 In	 order	 to	 enhance	 the	 bonding	 compatibility	
between	 the	 polyester	 and	 fibers,	 the	 coir	 fibers	 need	 to	 go	 through	 the	
treatment	process.	This	process	consists	of	immersing	the	coir	fibers	into	5%	


























3.3 Preparation of Composite
The	composites	having	different	fibers	content	were	prepared	by	varying	the	
fibers	volume	fraction	from	5%	to	15%.	In	the	first	process	of	preparing	the	
composite,	a	 release	agent	was	used	 to	clean	and	dry	 the	mould	before	 the	
polyester	 can	 be	 laid	 up	 on	 the	 mould.	 The	 polyester	 was	 then	 mixed	
uniformly	 with	 the	 coconut	 fibers	 by	 using	 a	 special	 brush	 in	 the	 mixed	
container.	The	mixture	was	 poured	 carefully	 into	 the	moulds	 and	 flattened	























Tensile	 test	 is	 the	 most	 common	 mechanical	 test	 for	 determining	 the	
mechanical	 properties	 of	 materials	 such	 as	 strength,	 ductility,	 toughness,	
elastic	 modulus,	 and	 strain	 hardening.	 There	 are	 3	 samples	 for	 each	 fiber	
volume	 fraction	 and	 the	 average	 values	 obtained	 from	 those	 samples	were	
determined.	The	sample	used	for	tensile	test	was	ASTM	D638	Type	1	as	shown	
in	 Figure	 3.	The	 tests	 consisted	 of	 applying	 a	 constant	 strain	 on	 the	 fibers	
and	measure	the	load.	It	was	tested	using	Universal	Testing	Machine	(UTM)	
with	strain	speed	of	10	mm/min.	Stress	versus	strain	diagram	was	produced	









velocity,	 or	 acceleration	 response	 of	 a	 structure	 can	 be	 measured.	 In	 the	
preparation	of	 sample,	 the	 composite	plate	which	having	dimension	of	210	





chosen	 to	 give	 adequate	 spatial	 resolution	 to	 describe	 the	 global	 structural	
mode	shapes.
Figure	4		Measurement	locations.
	 For	 excitation	 purposes,	 basically	 there	 are	 two	 methods	 can	 be	
used	which	are	impact	hammer	excitation	and	shaker	excitation.	In	this	case,	




























4 RESULT AND DISCUSSION
This	 section	 focuses	 on	 presenting	 the	 observations	 and	 findings	 gathered	






to	 depend	on	 the	 content	 or	 volume	 fraction	 of	 the	fibers	 in	 the	 composite	
(Rao	 and	Rao	 2007).	 Even	 a	 small	 change	 in	 the	 physical	 nature	 of	 fibers	
for	a	given	volume	content	of	fibers	may	result	 in	distinguished	changes	 in	
the	overall	mechanical	properties	of	 composites.	Therefore	 the	 influence	of	
fibers	content	on	mechanical	properties	of	coir	fibers	 reinforced	composites	
was	 investigated.	Table	3	 shows	 the	 result	 of	mechanical	properties	of	 coir	
fibers	reinforced	composites	with	fibers	volume	changing	from	5	to	15%.	It	is	
shown	that	the	tensile	strength	and	Young’s	Modulus	decreased	as	increasing	
of	 the	 fiber	 volume	 fraction.	 The	 decrement	 is	 due	 to	 poor	 interfacial	
bonding	 between	 fibers	 and	 matrix.	 The	 brittleness	 of	 the	 fibers	 also	
contributed	to	low	mechanical	strength	because	higher	fibers	contain	higher	
possibilities	of	the	fibers	to	sustain	higher	loads.	Failure	strain	increased	when	





	 Figure	 6	 shows	 the	 effect	 of	 fibers	 volume	 fraction	 on	 the	 tensile	
strength	of	the	composite.	It	indicates	that	the	tensile	strength	of	composites	
decrease	with	 increasing	fibers	 volume.	This	 agrees	with	 the	 conclusion	 of	
earlier	 work	 by	 Rao	 and	 Rao	 (2007)	 that	 coir	 fibers	 do	 not	 enhance	 the	





	 Meanwhile,	 Figure	 7	 indicates	 that	 the	 coir	 fiber	 reinforced	
composites	experience	ductile	fractures	which	increase	with	increasing	fibers	
volume	fraction.	The	failure	strain	increases	slightly	from	3.9%	to	4.8%	when	
the	volume	percentages	 in	fibers	 increases	 from	5%	 to	10%	and	 then	 rises	
again	to	reach	6.1%	for	fibers	percentage	of	15%.	It	can	be	notified	that	the	



















































Figure	6		Tensile	strength	 	 	 				Figure	7		Failure	strain
	 By	 the	 incorporation	of	coir	fibers,	 the	Young	modulus,	E	value	of	
composites	goes	on	 increasing	up	 to	633	MPa	 for	 a	fibers	volume	 fraction	
of	5%	but	on	further	increasing	the	fibers	content,	the	value	was	decreases.	
Figure	 8	 shows	 that	 Young	 modulus	 value	 steadily	 decreases	 with	
increasing	 fibers	 content	 which	 indicated	 lesser	 contribution	 of	 the	 fibers	
towards	the	static	mechanical	properties	of	composites.	The	minimum	value	
of	 Young	 modulus	 was	 obtained	 at	 fibers	 volume	 of	 15%	 which	 specify	
ineffective	stress	transfer	between	the	coir	fibers	and	polyester	matrix.	This	
is	also	due	to	the	incompatibility	bonding	between	both	materials	matrix	and	


































from	 point	 1	 until	 25	 during	 the	 impact	 hammer	 test.	 Obviously	 it	 can	 be	




Table	 4	 shows	 the	 result	 of	 natural	 frequency	 of	 coir	 fiber	 reinforced	
composites	 for	 different	 fiber	 volume.	 Based	 on	 the	 data,	 there	 are	
inconsistent	natural	frequencies	for	each	percentage	of	coir	fiber.	This	is	true	
since	the	modes	or	resonances	are	inherent	properties	of	the	structure.	































         
Figure	10		Natural	frequencies	of	each	percentage	of	coir	fibers
	 Based	on	the	frequency’s	theoretical	formula,	 the	natural	frequency	




that	been	studied	has	 its	own	density;	hence	a	 reinforcement	of	 the	natural	
fibers	will	affect	the	mass	of	the	structure	where	any	additional	density	value	
gives	an	increasing	to	the	mass	of	the	structure	(Iglesias	2000).	However	in	


















By	 the	 incorporation	 of	 coir	 fibers,	 it	 appears	 that	 the	 damping	 ratio	 of	
composite	is	increasing	only	for	the	first	five	modes.	However	for	next	higher	





give	 an	 increment	 value	 of	 damping	 ratio	 (Avitabile	 2005).	 By	 adding	 the	




































the	 mechanical	 properties	 have	 a	 strong	 association	 with	 the	 dynamic	




frequency	 of	 the	 composite	 can	 be	 predicted	 by	 analyzing	 the	mechanical	
properties.	 The	 tensile	 strength	 of	 composite	 was	 found	 to	 be	 a	 linear	
proportional	to	natural	frequency.	
	 Moreover,	 the	 damping	 ratio	 was	 found	 to	 be	 increased	 by	
incorporation	 of	 coir	 fibers	 which	 giving	 an	 advantage	 to	 the	 structure	 in	
reducing	the	high	resonant.
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